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Introduction  Introduction  OntologiesOntologies

Formal representation of a domain modeling the Formal representation of a domain modeling the 
things in that domain and the relationships things in that domain and the relationships 
between those thingsbetween those things

A set of logical axioms designed to account for the A set of logical axioms designed to account for the 
intended meaning of a vocabulary intended meaning of a vocabulary [Guarino, FOIS 1998]



3

Introduction  Introduction  Ontology Ontology spectrumspectrum

Ontology Dimensions based on McGuinness and FininOntology Dimensions based on McGuinness and Finin

Simple Terminologies Expressive Ontologies
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General logical
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instances
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Inverse
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IEEE SUO

OWLOntylogThesauri

BT/NT,
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Unified Medical Language SystemUnified Medical Language System

SPECIALIST LexiconSPECIALIST Lexicon
200,000 lexical items200,000 lexical items
Part of speech and variant informationPart of speech and variant information

MetathesaurusMetathesaurus
5M names from over 100 terminologies5M names from over 100 terminologies
1M concepts1M concepts
16M relations16M relations

Semantic NetworkSemantic Network
135 high135 high--level categorieslevel categories
7000 relations among them7000 relations among them

Lexical
resources

Ontological
resources

Terminological
resources
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Source VocabulariesSource Vocabularies

139 source vocabularies139 source vocabularies
17 languages17 languages

Broad coverage of biomedicineBroad coverage of biomedicine
5.5M names5.5M names
1.4M concepts1.4M concepts
16M relations16M relations

Common presentationCommon presentation

(2007AA)
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Integrating subdomainsIntegrating subdomains

Biomedical
literature

Biomedical
literature

MeSH

Genome
annotations

Genome
annotations

GOModel
organisms

Model
organisms

NCBI
Taxonomy

Genetic
knowledge bases

Genetic
knowledge bases

OMIM

Clinical
repositories

Clinical
repositories

SNOMEDOther
subdomains

Other
subdomains

…

AnatomyAnatomy

UWDA

UMLS
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OverviewOverview

Why biomedical ontologies?Why biomedical ontologies?
What is the difference between cardiology and What is the difference between cardiology and 
public health?public health?
Approaches to defining public health ontologyApproaches to defining public health ontology

BottomBottom--up approachup approach
TopTop--down approachdown approach

Value sets for public healthValue sets for public health
SourcesSources
Selection criteriaSelection criteria



Why biomedical ontologies?
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Why biomedical terminologies?Why biomedical terminologies?

To support a theory of diseasesTo support a theory of diseases
To classify diseasesTo classify diseases
To support epidemiologyTo support epidemiology
To index and retrieve informationTo index and retrieve information
To serve as a referenceTo serve as a reference
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To support a theory of diseasesTo support a theory of diseases

HippocratesHippocrates
Dismisses superstitionDismisses superstition
Four humorsFour humors

BloodBlood
PhlegmPhlegm
Yellow bileYellow bile
Black bileBlack bile

Thomas Thomas SydenhamSydenham (1624(1624--1689)1689)
Medical observations on the historyMedical observations on the history
and cure of acute diseasesand cure of acute diseases (1676)(1676)



11

To classify diseases (and plants)To classify diseases (and plants)

CarolusCarolus Linnaeus (1707Linnaeus (1707--1778)1778)
Genera Genera PlantarumPlantarum (1737)(1737)
Genera Genera MorborumMorborum (1763)(1763)

FranFranççois ois BoissierBoissier de La Croixde La Croix
a.k.a. F. B. de a.k.a. F. B. de SauvagesSauvages (1706(1706--1767)1767)

MethodusMethodus FoliorumFoliorum (1751)(1751)
NosologiaNosologia MethodicaMethodica (1763/68)(1763/68)

William Cullen (1710William Cullen (1710--1790)1790)
Synopsis Synopsis NosologiaeNosologiae MethodicaeMethodicae (1785)(1785)
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From plantsFrom plants……
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…… to diseasesto diseases

Four categories (W. Cullen)Four categories (W. Cullen)
FeversFevers
Nervous disordersNervous disorders
CachexiasCachexias
Local diseases Local diseases 

“The distinction of the genera of diseases, 
the distinction of the species of each, and 
often even that of the varieties, I hold to be 
a necessary foundation of every plan of 
physic, whether dogmatical or empirical.”
– William Cullen, Edinburgh, 1785
Synopsis Nosologia Methodicae

“The distinction of the genera of diseases, 
the distinction of the species of each, and 
often even that of the varieties, I hold to be 
a necessary foundation of every plan of 
physic, whether dogmatical or empirical.”
– William Cullen, Edinburgh, 1785
Synopsis Nosologia Methodicae

(Cited by Chris Chute)
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To support epidemiologyTo support epidemiology

John John GrauntGraunt (1620(1620--1674)1674)
Analyzes the vital statisticsAnalyzes the vital statistics
of the citizens of Londonof the citizens of London

William Farr (1807William Farr (1807--1883)1883)
Medical statisticianMedical statistician
Improves CullenImproves Cullen’’s classifications classification
Contributes to creating ICDContributes to creating ICD

Jacques Jacques BerthillonBerthillon (1851(1851--1922)1922)
Chief of the statistical services (Paris)Chief of the statistical services (Paris)
Classification of causes of death (161 rubrics)Classification of causes of death (161 rubrics)
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London Bills of MortalityLondon Bills of Mortality
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Limitations of existing classificationsLimitations of existing classifications

“The advantages of a uniform statistical nomenclature, however imperfect, are so 
obvious, that it is surprising no attention has been paid to its enforcement in Bills 
of Mortality. Each disease has, in many instances, been denoted by three or four 
terms, and each term has been applied to as many different diseases: vague, 
inconvenient names have been employed, or complications have been registered 
instead of primary diseases. The nomenclature is of as much importance in this 
department of inquiry as weights and measures in the physical sciences, and 
should be settled without delay.”
– William Farr
First annual report.
London, Registrar General of England and Wales, 1839, p. 99.

“The advantages of a uniform statistical nomenclature, however imperfect, are so 
obvious, that it is surprising no attention has been paid to its enforcement in Bills 
of Mortality. Each disease has, in many instances, been denoted by three or four 
terms, and each term has been applied to as many different diseases: vague, 
inconvenient names have been employed, or complications have been registered 
instead of primary diseases. The nomenclature is of as much importance in this 
department of inquiry as weights and measures in the physical sciences, and 
should be settled without delay.”
– William Farr
First annual report.
London, Registrar General of England and Wales, 1839, p. 99.
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To index and retrieve informationTo index and retrieve information

Biomedical literatureBiomedical literature
MEDLINE (18M citations from 5000 journals)MEDLINE (18M citations from 5000 journals)
Manually indexedManually indexed
Medical Subject Headings (MeSH)Medical Subject Headings (MeSH)

GenomeGenome
Model organism databases (Fly, Mouse, Yeast, Model organism databases (Fly, Mouse, Yeast, ……))
Manually / semiManually / semi--automatically curatedautomatically curated
Gene OntologyGene Ontology
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To serve as a referenceTo serve as a reference

Reference terminology/ontologyReference terminology/ontology
Universally neededUniversally needed
Developed independently of any purposesDeveloped independently of any purposes
Reusable by many applicationsReusable by many applications

ExamplesExamples
VA National Drug File (NDF)VA National Drug File (NDF)
Foundational Model of Anatomy (FMA)Foundational Model of Anatomy (FMA)
SNOMED CTSNOMED CT
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Administrative terminologiesAdministrative terminologies

Coding patient recordsCoding patient records
International Classification of Primary Care (ICPC)International Classification of Primary Care (ICPC)
SNOMEDSNOMED
Read CodesRead Codes

Reporting claims to health insurance companiesReporting claims to health insurance companies
Current Procedural Terminology (CPT)Current Procedural Terminology (CPT)
International Classification of Diseases (ICDInternational Classification of Diseases (ICD--9 CM)9 CM)
Healthcare Common Procedure Coding System Healthcare Common Procedure Coding System 
(HCPCS)(HCPCS)
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Contemporary public health perspectiveContemporary public health perspective

The automated exchange of data between public The automated exchange of data between public 
health partnershealth partners
The use of electronic clinical data for event The use of electronic clinical data for event 
detectiondetection
Specimen and lab result information management Specimen and lab result information management 
and exchangeand exchange
Analysis of public health dataAnalysis of public health data
Public health information dissemination and Public health information dissemination and 
alertingalerting

http://www.cdc.gov/phin/vocabulary/PHIN_Vocabulary_Brochure_v4.1.ppt



What is the difference
between cardiology
and public health?
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AnatomyAnatomy--based medical disciplinesbased medical disciplines

A limited number of relatively obvious A limited number of relatively obvious 
dimensions of descriptiondimensions of description
CardiologyCardiology

Anatomy:Anatomy: Cardiovascular systemCardiovascular system
Diseases:Diseases: Cardiovascular diseasesCardiovascular diseases
Procedures:Procedures: Procedure on the cardiovascular systemProcedure on the cardiovascular system
Drugs:Drugs: Cardiovascular agentsCardiovascular agents
……
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AnatomyAnatomy--based medical disciplinesbased medical disciplines

Concepts in each dimension can be represented in Concepts in each dimension can be represented in 
hierarchieshierarchies
Associative relations between concepts across Associative relations between concepts across 
dimensionsdimensions

CV system

Heart Blood
vessels

Artery Vein Capillary

AnatomyAnatomy

CV diseases

Heart
disease

Disorder
of artery

Disorder
of vein

DiseasesDiseases Procedure on
the CV system

CV
surgical

procedure

Prodedure
on heart

ProceduresProcedures

CV agents

Cardiotonic
agents

Antihypertensive
agents

DrugsDrugs
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““TransversalTransversal”” disciplinesdisciplines

Oncology (pathologic process)Oncology (pathologic process)
InfectiologyInfectiology (agent)(agent)
Radiology (technique)Radiology (technique)

PediatricsPediatrics (age group)(age group)
Emergency medicineEmergency medicine
Public healthPublic health

AnatomyAnatomy
DiseasesDiseases

ProceduresProcedures
DrugsDrugs



Cardiology and public health
in the

Medical Subject Headings (MeSH) 
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MeSHMeSH

http://www.nlm.nih.gov/mesh/2007/MBrowser.htmlhttp://www.nlm.nih.gov/mesh/2007/MBrowser.html
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MeSHMeSH
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Public health in MeSHPublic health in MeSH

Public health

Health
occupations

Medicine

Specialties, medical

Internal medicine

Cardiology

Population
characteristics

Health

Health Care 

Environment
and public health

Biological Sciences
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MeSHMeSH



Public health
in other biomedical terminologies 
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http://http://mor.nlm.nih.gov/perl/semnav.plmor.nlm.nih.gov/perl/semnav.pl
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Public health in the UMLSPublic health in the UMLS

C0034019C0034019
SourcesSources

AODAOD Alcohol and Other Drug ThesaurusAlcohol and Other Drug Thesaurus
CSPCSP CRISP ThesaurusCRISP Thesaurus
LCHLCH Library of Congress Subject HeadingsLibrary of Congress Subject Headings
MSHMSH Medical Subject HeadingsMedical Subject Headings
NCINCI National Cancer Institute ThesaurusNational Cancer Institute Thesaurus
PSYPSY Thesaurus of Psychological Index Terms Thesaurus of Psychological Index Terms 
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http://http://nciterms.nci.nih.gov/NCIBrowser/Dictionary.donciterms.nci.nih.gov/NCIBrowser/Dictionary.do

NCINCI
ThesaurusThesaurus
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Associative relations  Associative relations  SymbolicSymbolic
Concepts & IdeasConcepts & Ideas

public service announcementpublic service announcement
DisordersDisorders

ZoonosesZoonoses
Living BeingsLiving Beings

Public Health PodiatristPublic Health Podiatrist
OccupationsOccupations

preventive medicine specialtypreventive medicine specialty
Social MedicineSocial Medicine

OrganizationsOrganizations
United States Public Health ServiceUnited States Public Health Service

ProceduresProcedures
Communicable Disease ControlCommunicable Disease Control
Education, Public Health ProfessionalEducation, Public Health Professional
Health PromotionHealth Promotion
Public Health AdministrationPublic Health Administration
Public health servicePublic health service
Screening procedureScreening procedure
Study of epidemiologyStudy of epidemiology
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MEDLINE citationsMEDLINE citations
BMC Public Health. 2006 Dec BMC Public Health. 2006 Dec 
15;6:301.15;6:301.
A A bibliometricbibliometric analysis in the fields of analysis in the fields of 
preventive medicine, occupational and preventive medicine, occupational and 
environmental medicine, epidemiology, environmental medicine, epidemiology, 
and public healthand public health
SoteriadesSoteriades ES, ES, FalagasFalagas ME.ME.
[[……] CONCLUSION: USA researchers ] CONCLUSION: USA researchers 
maintain a leadership position in the maintain a leadership position in the 
production of scientific articles in the production of scientific articles in the 
fields of Preventive Medicine, fields of Preventive Medicine, 
Occupational/Environmental Medicine Occupational/Environmental Medicine 
and Epidemiology, at a level similar to and Epidemiology, at a level similar to 
other scientific disciplines, while USA other scientific disciplines, while USA 
contribution to science in the field of contribution to science in the field of 
Public Health is by all means Public Health is by all means 
outstanding. Less developed regions outstanding. Less developed regions 
would need to support their researchers would need to support their researchers 
in the above fields in order to improve in the above fields in order to improve 
scientific production and advancement scientific production and advancement 
of knowledge in their countries. of knowledge in their countries. 

BibliometricsBibliometrics**
Environmental Medicine Environmental Medicine /statistics & /statistics & 
numerical datanumerical data
Epidemiology Epidemiology /statistics & numerical /statistics & numerical 
datadata**
GeographyGeography
HumansHumans
Occupational Medicine Occupational Medicine /statistics & /statistics & 
numerical datanumerical data
Periodicals Periodicals /statistics & numerical /statistics & numerical 
datadata**
Preventive MedicinePreventive Medicine /statistics & /statistics & 
numerical datanumerical data**
Public HealthPublic Health /statistics & numerical /statistics & numerical 
datadata**
Research Research /statistics & numerical data/statistics & numerical data
World HealthWorld Health
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Associative relations  Associative relations  StatisticalStatistical

BibliometricsBibliometrics**
Environmental Medicine Environmental Medicine /statistics & /statistics & 
numerical datanumerical data
Epidemiology Epidemiology /statistics & numerical /statistics & numerical 
datadata**
GeographyGeography
HumansHumans
Occupational Medicine Occupational Medicine /statistics & /statistics & 
numerical datanumerical data
Periodicals Periodicals /statistics & numerical /statistics & numerical 
datadata**
Preventive MedicinePreventive Medicine /statistics & /statistics & 
numerical datanumerical data**
Public HealthPublic Health /statistics & numerical /statistics & numerical 
datadata**
Research Research /statistics & numerical data/statistics & numerical data
World HealthWorld Health

Public HealthPublic Health

BibliometricsBibliometrics

EpidemiologyEpidemiology

PeriodicalsPeriodicals

PreventivePreventive
MedicineMedicine
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Public health  Public health  CoCo--occurrencesoccurrences

Health PolicyHealth Policy 475475
Health PromotionHealth Promotion 321321
World HealthWorld Health 228228
Environmental HealthEnvironmental Health 187187
Environmental ExposureEnvironmental Exposure 186186
Delivery of Health CareDelivery of Health Care 179179
Disease OutbreaksDisease Outbreaks 168168
EpidemiologyEpidemiology 166166
SmokingSmoking 164164
Health StatusHealth Status 163163
Public PolicyPublic Policy 160160
BioterrorismBioterrorism 158158
Public Health AdministrationPublic Health Administration 144144
HIV InfectionsHIV Infections 138138
International CooperationInternational Cooperation 136136

Health Care ReformHealth Care Reform 133133
Developing CountriesDeveloping Countries 133133
Health Care ReformHealth Care Reform 133133
Communicable Disease ControlCommunicable Disease Control 131131
PoliticsPolitics 125125
ResearchResearch 122122
Health educationHealth education 117117
ViolenceViolence 110110
Disaster PlanningDisaster Planning 104104
National Health ProgramsNational Health Programs 102102
[[……]]

2,453 co2,453 co--occurring concepts (2006AA)occurring concepts (2006AA)
[538 concepts cover 79%][538 concepts cover 79%]
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Public health vs. Cardiology  SummaryPublic health vs. Cardiology  Summary

Transversal disciplineTransversal discipline
Many dimensions of descriptionMany dimensions of description

MeSHMeSH
CoCo--occurring concepts in MEDLINEoccurring concepts in MEDLINE

Represented in several terminologiesRepresented in several terminologies
Mostly Mostly ““information sciencesinformation sciences”” terminologiesterminologies
Often a leaf nodeOften a leaf node



Approaches to defining
public health ontology



Bottom-up approach 



41

Controlled Health Thesaurus (CHT)Controlled Health Thesaurus (CHT)

Under the umbrella of PHINUnder the umbrella of PHIN
Developed for indexing / retrieval purposes (CDC Developed for indexing / retrieval purposes (CDC 
website)website)
Borrows from the UMLS MetathesaurusBorrows from the UMLS Metathesaurus
40,000+ terms40,000+ terms
PolyhierarchicalPolyhierarchical structurestructure
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CHT  CHT  BottomBottom--up approachup approach

Original data: CDC public websiteOriginal data: CDC public website
Term extraction: Term extraction: MetaphraseMetaphrase (Apelon)(Apelon)

Mapping to the UMLS MetathesaurusMapping to the UMLS Metathesaurus

Manual curation (Manual curation (KevricKevric))
Frequent terms added when absent from the UMLS Frequent terms added when absent from the UMLS 
MetathesaurusMetathesaurus
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CHT  CHT  Analysis of nonAnalysis of non--UMLS termsUMLS terms

With Ed Bunker (summer 2005)With Ed Bunker (summer 2005)
42,639 terms42,639 terms

12,000 having no associated UMLS CUI12,000 having no associated UMLS CUI
7,257 with semantic type7,257 with semantic type
Geographic areaGeographic area or or Partner organization Partner organization (not analyzed)(not analyzed)
4,743 terms analyzed4,743 terms analyzed

–– 843 terms mapped to UMLS843 terms mapped to UMLS
»» 408 semantically valid mappings (resynchronization)408 semantically valid mappings (resynchronization)

–– 3,900 terms with no mapping to UMLS3,900 terms with no mapping to UMLS

http://mor.nlm.nih.gov/pubs/alum/2005-bunker.pdf
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Examples of terms not in UMLSExamples of terms not in UMLS

All Other Legal ServicesAll Other Legal Services
Beet Sugar ManufacturingBeet Sugar Manufacturing
Environmental respiratory diseaseEnvironmental respiratory disease
Greeting Card PublishersGreeting Card Publishers
Latin AmericanLatin American
MycobacteriologyMycobacteriology
Office of the DirectorOffice of the Director
Quarantine facilitiesQuarantine facilities
Septic Tank Septic Tank ServicersServicers and Sewer Pipe Cleanersand Sewer Pipe Cleaners
Temporary SheltersTemporary Shelters
Waist circumference measurementWaist circumference measurement
Youth smoking rateYouth smoking rate



Top-down approach 
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Domains of interest for public healthDomains of interest for public health

Disease / Clinical History / Observation (Finding)Disease / Clinical History / Observation (Finding)
Anatomy (Body Sites)Anatomy (Body Sites)
Procedures (NonProcedures (Non--Laboratory)Laboratory)
Laboratory Tests / ResultsLaboratory Tests / Results
Medications (Drugs)Medications (Drugs)
Immunization (Vaccine)Immunization (Vaccine)
Clinical Encounters (ADT)Clinical Encounters (ADT)
DemographicsDemographics
Modifier / Qualifier (Coded Answers / Results)Modifier / Qualifier (Coded Answers / Results)
Organism (including Animals)Organism (including Animals)
Public or Population HealthPublic or Population Health
Substance / Devices / ObjectSubstance / Devices / Object
Units of MeasureUnits of Measure

AnatomyAnatomy
DiseasesDiseases

ProceduresProcedures
DrugsDrugs
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Populating the domainsPopulating the domains
Ontology approachOntology approach

Identify Identify classificatory principlesclassificatory principles
Typically Typically ““jointly exhaustive and pairwise disjointjointly exhaustive and pairwise disjoint””
Organize concepts along these dimensionsOrganize concepts along these dimensions
E.g., anatomy (FMA tree)E.g., anatomy (FMA tree)

Spatial dimensionSpatial dimension
MassMass
Inherent 3D shapeInherent 3D shape
……

E.g., cancer (E.g., cancer (polyhierarchypolyhierarchy))
By topographyBy topography
By morphologyBy morphology
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Explicit classificatory principleExplicit classificatory principle

Anatomical entity

Physical
anatomical entity

Non-physical
anatomical entity

Material physical
anatomical entity

Non-material physical
anatomical entity

Anatomical
structure

Body
substance

Anat.
space

Anat.
surface

Anat.
line

Anat.
point

Spatial
dimension

+      -

Mass
+            -

Inherent
3D shape

+  -

2D 1D 0D3D

Foundational
Model of
Anatomy

Foundational
Model of
Anatomy
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Populating the domainsPopulating the domains
Information model approachInformation model approach

Identify Identify value setsvalue sets
For each (For each (sub)domainsub)domain

List of List of diseasesdiseases
AnatomyAnatomy vocabularyvocabulary
Values for Values for EKG observationsEKG observations

For each data elementFor each data element
Allowable values for Allowable values for gendergender
List of List of occupationsoccupations
List of List of geographical locationsgeographical locations



Value sets for public health
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Value sets  Value sets  SourcesSources

Biomedical vocabulariesBiomedical vocabularies
(terminologies, ontologies)(terminologies, ontologies)

UMLSUMLS
Others (ICDOthers (ICD--O3, CTCAE, ChEBI, O3, CTCAE, ChEBI, RadLexRadLex,,……))

Metadata registriesMetadata registries
Cancer Data Standards Repository (Cancer Data Standards Repository (caDSRcaDSR))

Already identified value setsAlready identified value sets
PHINPHIN
HL7HL7
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Value sets  Value sets  Selection criteriaSelection criteria

““TechnicalTechnical””
CoverageCoverage
Formalism for representation (standards)Formalism for representation (standards)
……

““PoliticalPolitical””
Intellectual property restrictionsIntellectual property restrictions
Mandated useMandated use

Consolidated Health Informatics (CHI)Consolidated Health Informatics (CHI)

GovernanceGovernance
SDO for SNOMED CTSDO for SNOMED CT

http://www.hhs.gov/healthit/chi.html

http://www.hhs.gov/healthit/chi.html
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Related efforts  Related efforts  HealthHealth

HL7HL7
http://www.hl7.org/http://www.hl7.org/

National Center for Biomedical OntologyNational Center for Biomedical Ontology
http://http://bioontology.orgbioontology.org//

caBIGcaBIG
http://http://cabig.cancer.govcabig.cancer.gov//

Clinical Data Interchange Standards ConsortiumClinical Data Interchange Standards Consortium
http://http://www.cdisc.orgwww.cdisc.org//

http://www.hl7.org/
http://bioontology.org/
http://cabig.cancer.gov/
http://www.cdisc.org/
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Related efforts  Related efforts  OthersOthers

Federal Enterprise Architecture Reference Model Federal Enterprise Architecture Reference Model 
Ontology (FEAOntology (FEA--RMO)RMO)

http://www.webhttp://www.web--services.gov/feaservices.gov/fea--rmo.htmlrmo.html

W3C Health Care and Life Sciences Interest W3C Health Care and Life Sciences Interest 
GroupGroup

http://www.w3.org/2001/sw/hcls/http://www.w3.org/2001/sw/hcls/

http://www.web-services.gov/fea-rmo.html
http://www.w3.org/2001/sw/hcls/
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ConclusionsConclusions

Public health is a Public health is a ““transversaltransversal”” disciplinediscipline
No specific ontology / terminologyNo specific ontology / terminology
Borrows from multiple domainsBorrows from multiple domains

Both within and outside biomedicineBoth within and outside biomedicine

Interoperability of healthInteroperability of health--related systemsrelated systems
Information modelsInformation models
Standard vocabularies / value setsStandard vocabularies / value sets
Technical and political issuesTechnical and political issues
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References  References  UMLSUMLS

UMLSUMLS
umlsinfo.nlm.nih.govumlsinfo.nlm.nih.gov

UMLS browsersUMLS browsers
(free, but UMLS license required)(free, but UMLS license required)

Knowledge Source Server: Knowledge Source Server: umlsks.nlm.nih.govumlsks.nlm.nih.gov

Semantic Navigator: Semantic Navigator: 
http://http://mor.nlm.nih.gov/perl/semnav.plmor.nlm.nih.gov/perl/semnav.pl

RRF browserRRF browser
(standalone application distributed with the UMLS)(standalone application distributed with the UMLS)
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